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Over 500 eukaryotic species annotated
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https://www.ncbi.nlm.nih.gov/genome/annotation_euk/all/



Water buffalo assembly improvements

Assembly Submission 
date

Assembly 
level

Assembly 
Accession

Contig N50 Scaffold N50 Annotation 
release

UMD_CASPUR_WB_2.0 09/30/2013 Scaffold GCA_000471725.1 22 Kb 1.4 Mb 100

UOA_WB_1 05/14/2018 Chromosome GCA_003121395.1 22 Mb 117 Mb 101



Inputs for annotation release 101

• 15 billion short reads (RNA-Seq) from 70 tissues

• Same-species proteins, ESTs, and cDNAs

• RefSeq proteins from human and cow
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• Automated
• 1 to 2 weeks start to end
• Consumes public data!
• Evidence driven:

• Same species and close 
cross-species 
transcripts, proteins

• RNA-Seq and IsoSeq
• TSA (Transcript 

Shotgun Assemblies) 

https://www.ncbi.nlm.nih.gov/genome/annotation_euk/process/

The NCBI Eukaryotic 
Genome Annotation Pipeline

https://www.ncbi.nlm.nih.gov/genome/annotation_euk/process/


Annotation release 101 facts
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• 20,801 protein-coding genes
• 16,327 genes with names

• 8,443 non-coding genes

• Over 600 of AR100 genes merged 



Merged genes:
Transferrin Receptor Protein (TFRC)

• Example of merged genes

NW_005784594.1NW_005784594.1

NW_0057845857.1NW_0057845826.1

Annotation release 101

Annotation release 100

3 genes involving 3 scaffolds



Improved quality metrics

Annotation 
release 101

Annotation 
release 100

Mean coverage of buffalo 
coding gene by a SwissProt
protein

96 95

Mean coverage of the 
SwissProt protein by a 
buffalo coding gene

95 89

Best SwissProt matches for buffalo coding genes
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1-base gap in the alignments of 
Bovidae transcripts near the 1-base 

deletion in the annotated model

Genomic sequence

Annotated gene

Deletion in gene model to compensate for genome error: CREB3L3

Bison bison

Bos taurus

Bos indicus

Capra hircus

Bos mutus

Ovis aries

B. indicus x B. taurus
XP_027403061.1 Bos indicus x Bos taurus DFLNSILGSGDSDSPTWSPAASDSGISEDLPSDTQDTPPHGGVPATPAGCHSVESGKGPC

NP_001029604.1 Bos taurus DFLNSILGSGDSDSPTWSPAASDSGISEDLPSDTQDTPPHGGVPATPAGCHSVESGKGPC

XP_006042588.2 Bubalus bubalis DFLNSILGSGDSDSPTWSPCGSDSGISEDLPSDTQDTPPHGGVPATTAGCHSVESGKGPC

XP_012033465.1 Ovis aries DFLNSILGSGDSDSPTWSPAASDSGISEDLPSDPQDTPPRGGVPATPASCHSVESCKGPC

XP_005896021.1 Bos mutus DFLNSILGSGDSDSPTWSPAASDSGISEDLPSDTQDTPPHGGVPATPAGCHSVESGKGPC

XP_010826436.1 Bison bison bison DFLNSILGSGDSDSPTWSPAASDSGISEDLPSDTQDTPPHGGVPATPAGCHSVESGKGPC

XP_019820009.1 Bos indicus                 DFLNSILGSGDSDSPTWSPAASDSGISEDLPSDTQDTPPHGGVPATPAGCHSVESGKGPC

XP_017906346.1 Capra hircus DFLNSILGSGDSDSPTWSPAASDSGISEDLPSDPQDTPPRGGVPATPAGCHSVESCKGPC

*******************..************.*****:******.*.****** ****



Number of corrected protein-coding genes in other bovids
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Where is the annotation?

Linked to the assembly



Water Buffalo in GDV



Water 
Buffalo in 
Gene



Annotation 
report



https://www.ncbi.nlm.nih.gov/
genome/annotation_euk/all/

More annotated organisms



Thank you.
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NCBI Genome Resources Workshop
Monday Jan 14 12:50 – 3:00 Pacific Salon 2
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Visit NCBI Booth 223 Contact us info@ncbi.nlm.nih.gov

Time Topic

12:50 – 1:10 Submission of Genomes to GenBank 
Karen Clark

1:10 – 1:30 GEO Submissions and Usage
Steve Wilhite

1:30 – 1:55 From Annotation to Visualization: Exploring Genes and Genomes with NCBI Tools
Eric Cox

1:55 – 2:15 Programmatic Access to Genomic Data: E-Utilities and FTP
Vamsi K. Kodali

2:15 – 2:35 NCBI Resources for Phyletically-Defined Next Generation Analysis in and out of the Cloud (a.k.a. 
Cool New Stuff!)
Ben Busby

2:35 – 3:00 Q & A session


